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Presentation Outline
Objectives of our Explosives Related 
Research
Computational Analysis Approach
Blast Project Summaries
Dynamic Material Characterization
Potential Collaborative Projects
Objectives from Different Blast Projects
Develop computational tools 
for the analysis and 
optimization of steel and 
composite structures subject 
to blast and impact loading.
Develop test methods for 
dynamic material properties 
and component evaluation.
Design and fabricate a 
prototype vessel for explosive 
containment.
Pre- and Post Processing
– Altair HyperWorks
– TrueGrid
– ANSYS
Defeaturing Models for Efficient Optimization
General Computational Analysis Approach
LS-DYNA
– Explicit FE code is used to simulate the
nonlinear dynamic structural response.
Matlab Scripts to Manage Optimization
Computer Hardware has Changed over the Years
– Recently built a 48-core AMD server: 64 GB RAM and 4 TB disk space
Explosive Modeling - CONWEP
• ConWep air blast function has 
inputs of:
• TNT equivalent mass
• Location in space of detonation 
• Target surface of applied blast pressure
• Friedlander’s equation to find 
pressure as a function of time on 
target surfaces.
where,   p = pressure
po = peak overpressure
pa = ambient atmospheric pressure
b = decay coefficient
t    = time
ta = time of arrival
td = time of duration for positive phase
ax = speed of sound 
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ALE Example 1: Blast Containment Vessel for an Artillery Shell
Arbitrary-Lagrangian-Eulerian (ALE) coupling procedure
Models the pressure wave as it propagates from the HE.
Fluid medium is modeled with Eulerian elements.
Structure is modeled with Lagrangian elements.
Requires Equation of State (EOS) data for explosive (HE) and air
Explosive Modeling - ALE
 
ALE Example 2: Blast Wave Interacting with a Plate
Project Summary 1: Blast Loading of Open Cylinders
Objectives:
– Validate Material Models used in 
Computational Simulation by comparing:
Computational and experimental deformation
Computational and experimental strains
– Compare Computational Methods
ConWep vs. ALE
Two Sets of Experimental Data
– Russian cylinder test data
– Picatinny Arsenal cylinder test data
t = 0.029 milliseconds
C4 High Explosive (HE) Burn and 
Structural Response
Photos taken with a Vision Research Phantom V710 High Speed Camera               
Frame Rate: 35,000 fps   Interval Between Frames: 29 µsec    Exposure: 20 µsec 
t = 0.340 milliseconds
t = 79.4 millisecondst = 1.5 milliseconds
Composite Material Failure 
Models are Complex
A quarter section model 
was created 
Progressive composite 
failure model 
(Chang-Chang)
All composite layers are modeled to 
accurately predict interlaminar failure
CONWEP blast function used to simulate blast pressures
Deformation Comparison
High speed video was examined with motion capture software to 
record cylinder deformation 
Central Hoop Strain in a Blast 
Loaded Open Composite Cylinder 
Basalt Fiber - Epoxy Composite with Steel Liner (90/ 35/steel)
Comparison of Experiments, ALE and ConWep Analysis
Explosive Cylinder Tests: Before and After
(Picatinny Arsenal, June 2011)
Project Summary 2: Prototype Blast Containment Vessel
Analyze and Optimize Existing Vessel
Blast level is 18-pound HE
Design, build, and test a simpler design
Internal Baffling to 
Distribute Blast Wave
Thin High Strength 
Steel for High 
Deformation
Lightweight 
Composite for 
Containment 
Strength
Vessel Optimization for Blast Wave
Use computational tools to 
optimize design
‘Fuzzy Simplex Algorithm’ 
(Trabia et al., 2001)
Objective 1: reduce peak strains
Variables: 
Thickness of composite
Fiber orientation in each layer
Position of internal throttle 
and gusset plates
Length of endcap
Laminate
Properties
Original
Design
Optimized
Design
E1 (GPa) 23.5 40.3
E2 (GPa) 34.3 26.3
υ12 0.23 0.23
G12 (GPa) 9.8 6.9
Vessel Optimization for Blast Wave
Optimization Results: The optimization reduces the peakcircumferential strains by 31%
• The structural integrity of 
the vessel is increased.
Original Design
Optimized Design
Thota, et al., “Structural Response Optimization of a Light-Weight Composite 
Blast Containment Vessel”, Journal of Pressure Vessel Technology, v131 n3, 
pp 031209: 1-9, April 2009.
Shrapnel Mitigation
Threat: Artillery Shells and Resulting Fragments
Shrapnel Mitigation Requirements
M107 artillery shell (generate a wide range of shrapnel types)
Requires high performance armor (High strength steel or 
ceramic/composite
Computational simulations require accurate: geometry, initial 
velocities, and material properties
Simulated V50 
3.4 % less than exp.
V1
Benchmark 1: Armor piercing projectile into 1018 steel plate
V2 V3 V4 V5
Benchmark 2: Fragment simulating projectile into composite armor
V50 Prediction Approximately  2.4 % lower 
than experimental.
Shrapnel Mitigation in the Vessel
Shrapnel protection material in 
multi-physics vessel simulations
Results: Shrapnel mitigation 
layers sized for specific threats
¾” steel with 3” Al foam backing
½” steel with 3” Al foam backing
Pressure wave profile
Dynamic Material Characterization
Strain rate regimes of interest
Specimen
Holder
Transmitter
Bar
Specimen
Load 
Ring
Impact 
Force
Dynamic tensile testing of metallic specimens
Steel High Strain Rate Results
Significant oscillations in recorded load data
– High order polynomials were fit to stress data
Material properties were determined from the resulting curves
Quasistatic vs. Dynamic Properties for Steels
AISI 1045 SS 316
Elastic Modulus (GPa) 197.4 ± 11% 199.5 ± 18%
Yield Strength (MPa) 928.5 ± 1% 592.7 ± 1%
Ultimate Strength (MPa) 1051.0 ± 1% 714.3 ± 1%
Fracture Strength (MPa) 771.6 ± 2% 439.2 ± 2%
Final Elongation (%) 14.9 ± 2% 40.9 ± 5%
• Quasistatic (0.0001 s-1)
• Dynamic (145 s-1)
AISI 1045 SS 316
Elastic Modulus (GPa) 228.5 ± 5% 188.9 ± 14%
Ultimate Strength (MPa) 1440.0 ± 3% 1094.0 ± 2%
Fracture Strength (MPa) 936.6 ± 2% 751.8 ± 2%
Final Elongation (%) 13.4 ± 2% 38.5 ± 3%
Strain Rate Upon Impact (s-1) 161.0 ± 1% 159.0 ± 1%
Average Strain Rate During Tests (s-1) 146.7 ± 1% 141.2 ± 2%
Strength Increase
37%          53%
Dynamic Tensile Testing of E-glass/Vinylester Composites
152 %  Strength Increase
Quasistatic and Dynamic Data for Polyurethane 
Foam in Unconfined Compression
2-Stage Gas Gun Impact Testing
Pictures show fixtures testing shock propagation 
through bolted connections.
Potential Collaboration with NSTec
Computational analysis of weld line 
performance in small high strength steel 
containment vessels subject to blast loading.
Develop experiments to characterize dynamic 
weld properties.
Computationally assess the effect of small 
design changes to reduce recertification time.
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